Multiple initiatives at the national and international level support natural drug discovery. Psychiatrists and patients are not well informed about natural psychotropics in general. Existing antidepressant and antipsychotic drugs were developed from atropine, a natural product. Subsequent drug developments were largely based on extension and modification of earlier molecular scaffolds. This limits their mechanisms of action to similar neuropathways. Natural psychotropic substances, particularly those with hallucinogenic and psychedelic properties and different chemical structures, may serve as new paths to novel psychotropic drug development.
Introduction
Natural psychotropic research has not been at the forefront of psychopharmacology until recently. In 2019, the World Health Organization will include traditional medicine (TM) into its global compendium. The US National Cancer Institute (NCI) announced a new initiative for drug discovery from natural products (Thornburg et al., 2018) . The NCI's natural product repository consists of over 230 000 natural product extracts collected from biodiverse areas in different parts of the world. The US National Center for Complementary and Integrative Health of the National Institutes of Health announced a similar program on natural product drug discovery (NCCIH, 2016) . All of these initiatives have generated much interest and discussion regarding medicines and psychotropics derived from plants, animals, and minerals.
The recent increase in interest regarding natural psychotropics has been fueled by the emerging threat of new psychoactive substances worldwide, as alerted by the United Nations Office on Drugs and Crime (UNODC, 2019) . New psychoactive substances are mostly available as natural products, such as cacti and animal venom or from modification of their active ingredients, such as synthetic cannabinoids.
Health supplements containing TM are a big business. The absence of strict regulation and the adulteration of some of these products has triggered repeated warnings from the US Food and Drug Administration (FDA, 2019a) and the implementation of stricter oversight this year (FDA, 2019b ). Yet based on the sales figures of these supplements, it is clear that TM is highly popular. One of the reasons why patients have resorted to TM may be related to the belief that TM products are "natural" and therefore "safe." As a result, patient concerns about the safety of manmade drugs may lead to noncompliance, especially during long-term drug maintenance. A significant number of patients suffering from mood disorders failed to respond to existing antidepressant drugs according to large-scale studies such as Star* D (Trivedi et al., 2006) . Desperate patients understandably might resort to other forms of medicine that claim efficacy. The success of TM has shown that there is an unmet need for new psychiatric drugs to serve many patients who are not satisfied with current psychiatric drugs. The US National Institute of Mental Health psychoactive drug screening program (NIMH, 2017) represents an effort to stimulate innovative research to discover novel tools and potential therapeutic agents for the treatment of psychiatric disorders, complementary to the NCI and National Institutes of Health initiatives.
Many patients and clinicians alike, however, are not wellinformed about TM and may not know that existing antidepressant and antipsychotic drugs in fact are based on plant molecules. Later generations of antidepressant and antipsychotics were mostly synthesized from drug molecules modified from earlier scaffolds. Discovery of psychotropic molecules, natural or synthetic, has mostly been serendipitous. New molecules with targets different from the current are urgently needed. We review in this manuscript the evolution of psychiatric drugs from natural molecules, the merits of this approach, and future opportunities in designer drugs.
Methods
We searched English and other language literature with English abstracts listed in PubMed on the website www.ncbi.nlm.nih. gov up to June 15, 2019, crossing the keywords "traditional medicine, herbs, animal products, minerals" with the words "psychotropics, psychedelics, new psychoactive substances, molecular structure, drug design" respectively. The keywords "psychotropics," "drug design," and "psychedelics" were further crossed with the words "traditional medicine," "herbs," "insects," and "animals" and searched on Google from May 1 to June 15, 2019. Research and research news regarding the above areas obtained through Google search but missed in the first round of the PubMed search were back searched in PubMed. Foreign language publications with English translations or relevant abstracts in English were also included in the search. This review focuses on psychotropic drug design and is not a review on the efficacy of natural medicine. Therefore, we do not intend to cover all existing natural psychotropics and will use only selected examples for the discussion of drug design opportunities.
Natural Psychotropics
Early medicine came from the environment. Through the consumption of certain plants, animals, and minerals, medicinal properties such as antiinflammatory, analgesic, and psychotropic effects were noticed by people. Those with marked hallucinogenic and anesthetic properties would serve well for religious, ceremonial, or recreational purposes in primitive communities. In these societies, the role of a priest and a healer frequently overlapped, though the accumulated knowledge would be an early form of pharmacology and psychopharmacology.
It is interesting that although there have been many botanical, animal, and mineral products used in TM over many years, there are few used specifically for mental disorders. It is possible that the recognition of mental disorders as treatable medical conditions is only a recent development. The understanding of the heterogeneity of mental disorders, in terms of etiology, symptomatology, and clinical course and in modern neurotransmitter and neuropathway terms did not occur until the last century. On the other hand, natural psychotropics were convenient tools for religious and ceremonial purposes. A recent study of 126 psychoactive botanicals used in different cultures determined that more than one-half were used for hallucinogenic purposes, followed by plants used for sedative and narcotic properties. Plants with anxiolytic and antidepressant effects were the least popular across different cultures (Alrashedy and Molina, 2016) . Even until recently, few hallucinogenic molecules have been used successfully for the development of new drugs. The serendipitous observation of ketamine's rapid antidepressant effect appears to have triggered new interest in drugs of abuse as leads to develop new psychotropics. In this regard, natural psychoactive plants and animals may offer new drug development opportunities (Gray et al., 2016; Uthaug et al., 2018 Uthaug et al., , 2019 .
Botanical Medicine
Plants are remarkable pharmaceutical synthesis factories. A wealth of molecules, from simple to highly complex, are synthesized by plants. Many of the complex molecules that plants synthesize, such as paclitaxel (Taxol), have proven to be a difficult task for synthetic chemists to replicate but are valuable scaffolds for new drug molecule construction. Some of these compounds are essential for a plant's physiological function, whereas others are secondary metabolites. A large number of compounds synthesized by plants became important for their survival in evolution, helping to defend the plant against predators, enemies, assaults, and other competing plants or to protect them from harsh environments against biotic and abiotic factors. Thus, it is not surprising there are molecules with antiinflammatory, antioxidative, antiviral, antibacterial, antifungal, and antineoplastic action. Other molecules could be poisonous, stimulatory, or sedating to animals or a combination of these properties. Humans became aware of the medicinal properties and health benefits through experience and utilized these plants in a raw or semiprepared form as raw medicine. Examples include salicylic acid from willow tree bark as an antiinflammatory antipyretic agent (salicylic acid) and cinchona tree (quinine) for malaria. Even today, people have continued to harvest useful molecules from plants, such as paclitaxel (Taxol) from the Pacific Yew for cancer and artemisinin from Artemisia annua (sweet wormwood herb) for resistant malaria. It is foreseeable that even more useful phytochemicals will continue to be discovered through new initiatives such as the NCI Program for natural product discovery (Thornburg et al., 2018) or through serendipity.
Molecules of plant origin are commonly classified into major categories based on their unique structures and biochemical characteristics. Table 1 lists these major categories and some well-known medicinal and psychotropic compounds in each category.
From the Natural Compound Atropine to Modern Synthetic Antidepressants and Antipsychotics
Serendipity has characterized the history of psychiatric drug discoveries. This began when researchers searched not for psychiatric drugs but for better antihistamines after the discovery of the natural molecule atropine in plants of the nightshade family (Solanaceae). Diphenhydramine, a potent antihistamine, was synthesized based on the backbone of atropine ( Figure  1 ). The search for more antihistamine molecules led to the synthesis of the phenothiazines, and their unexpected antipsychotic properties were observed by clinicians. In modifying the phenothiazine molecule, scientists synthesized tricyclic antidepressants (TCAs), and again astute clinicians recognized their antidepressant properties. The subsequent development of the new generations of specific serotonin (5HT) re-uptake inhibitors (SSRIs) could be seen as a discovery of new antidepressant molecules through modifying existing antihistamine molecules, as pheniramine was used to make zimelidine and diphenhydramine to make fluoxetine (Wong et al., 1974 (Wong et al., , 2005 ( Figure 1 ). Continuous modification of earlier phenothiazines in the search for better antipsychotic molecules led to making the potent dopamine antagonist haloperidol and then the atypical antipsychotics. The discovery of lithium's antimanic action and ketamine's unexpected fast antidepressant effect, on the other hand, are both other examples of serendipity in cooperation with careful clinical observations. It is fair to say that it was the continuous modification of the natural alkaloid atropine molecule that resulted in the making of the 2 major existing groups of modern psychotropic drugs: the antidepressant and antipsychotic drugs. Atropine thus could be viewed as the mother of current antidepressants and antipsychotics. However, these drug molecules share the same ethylamine backbone (CH 3 CH 2 NH 2 ) of the atropine and antihistamine molecules from which they were derived.
Antidepressants and antipsychotics with a totally new mechanism of action might not come from further modification of these molecules. Indeed, other botanical molecules have not been used for the development of new psychotropics with a new mechanism of action. Although many of the TM antidepressants and sedatives were found to act on the same monoamine, indoleamine, or gamma-aminobutyric acid targets as the manmade antidepressants and sedatives (reviewed by Tang et al., 2017a) , this does not mean that psychotropic discovery should be limited to molecules targeting the same neurotransmitter targets. An example of interest is the root of 3 types of peony (Paeonia suffruticosa, Paeoniae alba, Paeonia ruba), which are often ingredients in TM formula for mood disorders. The active ingredients have been identified as paeoniflorin, albiflorin, and related molecules, all of which possess interesting antiinflammatory, immunoregulatory, cardiac-regulatory, and neuroprotective actions. This herb has not been reported to possess significant activity on common neurotransmitter targets itself. It is possible that inhibition of inflammation is an important part of treatment for some patients suffering from mood disorders. This may be linked to the Inflammatory Theory of Depression or a toxic brain hypothesis of depression (reviewed by Tang et al., 2017b) .
Another interesting example of novel molecular structure is St John's wort (Hypericum perforatum), a popular TM used for antidepressant purposes in Europe and Asia. One of the most extensively studied TMs (Linde et al., 2008; Apaydin et al., 2016) , it has been found to be as effective as SSRIs. Hypericin, with a very interesting and unusual structure (Figure 2) , was suspected to be the main molecule responsible for the antidepressant action. However, it was difficult to explain its antidepressant action judging from the almost planar shape of the hypericin molecule when monoamine reuptake inhibition by the raw plant extract was demonstrated (Calapai et al., 2001) . The discovery of 2 phloroglucinol derivatives (cyclic terpenes), hyperforin (Cervo et al., 2002) and adhyperforin (Tian et al., 2014) , with monoamine reuptake inhibition property (Jensen et al., 2001 ) may explain the antidepressant action of St John's wort (Kaehler et al., 1999) . A unique mechanism of monoamine reuptake inhibition through protonophore is also a possibility (Sell et al.,2014) . The discovery of hyperforin's antioxidative and antiinflammatory action (Jiang et al., 2018) suggests its potential use in neurodegenerative disorders, such as Alzheimer's disease (Griffith et al., 2010) . As hyperforin is an extremely unstable molecule (Gray et al., 2000) , other unknown metabolites may be responsible for its antidepressant action. Hyperforin activates the Pregnane-X receptor (Taneja et al., 2018) and is a potent inducer of CYP 2C9 and CYP 3A4 (Chen et al., 2004) . This may cause undesirable drug-drug interactions when used with other psychotropics. In any case, the multi-target multi-dimensional property makes hyperforin a very interesting scaffold for future psychotropic drug design.
Compared with mood disorders and anxiety, TMs for psychotic disorders are few. As discussed above, it is possible that modern classifications of mental disorders only happened in the last century. Discovery of useful antipsychotic molecules in TM will require more laboratory work and, more importantly, good-quality randomized controlled clinical trials (Rathbone et al., 2005; Deng and Xu, 2017; Hoenders et al., 2018) .
Hallucinogenic or Mind-Altering Botanicals, Toads, and Spider Wasps
Although hallucinogenic botanicals and animals were discovered early in human history (Carod-Artal, 2015) and they played an important role in neuroscience research and our understanding of the neuropathways of the brain, there has been a lack of psychiatric drugs developed from hallucinogenic molecules as yet.
However, there has been a recent surge of interest in the application of hallucinogenic botanicals and animals as psychotherapeutics (Garcia-Romeu et al., 2016) . Botanicals with psychotropic properties such as ayahuasca (chacruna), peyote cacti, psilocybin mushrooms, iboga (Bwiti), coca leaves, kava, kratom, and khat (the 3Ks) have attracted much interest as platforms for new psychotropic development (Ujváry, 2014; Mithoefer et al., 2016; Carhart-Harris and Goodwin, 2017; Feng et al., 2017; Johnson and Griffiths, 2017; De Gregorio et al., 2018) and also, interestingly, as adjuncts to psychotherapy (Sherwood and Prisinzano, 2018; Uthaug et al., 2018) . It is foreseeable that some hallucinogenic molecules will serve as scaffolds for new psychiatric drug development. Interestingly, toad venom (Qi et al., 2018) has been suggested as a potential source of psychotropics. Uthaug et al. (2019) argued that the 5-methoxy-N,N-dimethyltryptamine in toad venom could be responsible for its antianxiety and antidepressant properties. The best-known toad venom in TM is from the Chinese toad Bufo bufo gargarizans. A large number of biologically active complex terpene and steroidal ingredients have been identified, including bufotalin, bufotenidine, bufalin, and bufadienolide (McBride, 2000) . The toad venom from Bufo bufo gargarizans is the main ingredient in Venum bufonis, an important TM used for the treatment of anxiety, sedation, detoxification, pain, animal bites, and many other health problems (Qi et al., 2018) . It is another example of a multi-target multidimensional TM. The molecules certainly would serve as good scaffolds for multi-target drug development.
Spider wasp's venom is another unusual source of psychotropics. Spider wasps have been reported to inoculate spiders with its venom, and these injected ingredients control the spider's net-weaving behavior. This has been suggested as a potential model for mind control psychotropics (Takasuka et al., 2015; Kloss et al., 2017) .
Thus, there is great hope that these unusual psychoactive botanicals (Barsuglia et al., 2018; Griffiths et al., 2019) and animal venoms may open new avenues for the development of novel psychotropics (Takeda, 1994; Uthaug et al., 2018; Dos Santos et al., 2019) .
Minerals as Psychotropics Drugs
Oxides of lead and sulfide of arsenic (realgar As 2 S 3 ) and mercury (HgS) have been used for sedation and cerebral vascular emergency management purposes in TM and are still the ingredients in some over-the-counter TMs. Although the toxic arsenic mineral has been developed as an anticancer agent, the mechanism of action for the sedating property of these minerals is still unclear. Because another mineral, lithium, has a clear psychotropic action, further research on the sedating properties of these minerals may reveal other unknown biology of mood maintenance.
Designer Drugs
It has always been the hope of researchers that rational drug design will follow a better understanding of the pathology of mental disorders and the technical advances in synthetic chemistry. Although it is true that tremendous progress has been made in neuroscience, we are still at only an early stage of understanding the exact mechanism of most psychiatric disorders. The synthesis of the phenothiazines from the natural botanical compound atropine and subsequent synthesis of the atypical antipsychotics, TCAs, and SSRIs was a big step in psychiatric drug development. These drugs opened new research paths into the pathophysiology of mental disorders through the discoveries of their neurotransmitter targets in the brain. Identification of multiple neurotransmitter receptors enabled the synthesis of multi-target 5HT receptor designer antidepressant drugs such as vortioxetine. Further exploitation of specific 5HT receptor target brought about the development of the nondopaminergic antipsychotic primavanserin, an inverse agonist. Understanding of partial agonist action on DA receptor led to the synthesis of aripiprazole. All these examples demonstrated that psychotropic drug design follows our better understanding of the potential targets. Research on natural psychotropic substances may identify more novel targets.
While multi-target designer drugs were once touted as the hope for a next generation of psychotropics, there has been limited success in finding new psychotropic drugs that function through a totally new mechanism and design. The existing drugs in psychiatry so far have come largely from serendipitous discoveries, followed by further modification of existing drug molecules to increase potency and to decrease side effects. It has been a long time since the discovery of phenothiazines from antihistamines, TCAs from phenothiazines, and monoamine oxidase inhibitors from isoniazid. In these cases, which all occurred in the last century, psychotropics were discovered through the careful observation by astute clinicians in the clinic after capable synthetic chemists in the laboratories constructed new molecules. Ketamine is a lone new example in many years, a compound that may act through a different mechanism of action compared with other antidepressant drugs. This development also occurred through the careful observation of clinicians, who noticed the unexpected antidepressant response from the existing molecule, which previously was not indicated for depression. This lends support to the need for collaboration between synthetic chemists designing new molecules according to clinical needs and well-prepared, astute clinicians observing patients for abnormal responses.
Conclusion
Natural medicine is popular, but its true value is found in its active ingredients and novel molecules. Phytochemicals like atropine have proven to be valuable scaffolds or chemical platforms from which new drugs were developed. Our existing antipsychotics and antidepressants originated from atropine through serendipity, but serendipity only occurs with the prepared mind. Many of the important drug discoveries have occurred through careful clinical observation of unexpected or unusual effects of compounds with other indications. The recent surge in neuroscience and neuropharmacology research related to new psychoactive substances may open new paths to novel compounds, with alternate mechanisms of action on psychiatric disorders. Neuropsychopharmacologists and clinicians together will continue to play critical but cooperative roles in future discoveries.
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